Aim: The aim of this study was to present the clinical results of patients treated with a sliding, wrapping suture technique (Tansel technique) which provides rapid recovery with fewer wound site problems compared to open surgery techniques. Material and Method: A total of 34 patients were included in the study. Following the initial diagnosis made on physical examination, routine dynamic ultrasonography (USG) was applied for the determination of the rupture gap and tendon length. All the patients were evaluated in respect of the time from trauma to surgery, etiological causes, affected side, postoperative AOFAS (The American Orthopaedic Foot & Ankle Score) and Tegner scores, cruris diameter, mean time to full weight-bearing, time of return to work, time to regain pretrauma activity level and complications. Results: The mean follow-up period was 27.7±16.8 months. According to clinical evaluations of the patients at the final follow-up examination, postoperative dorsiflexion angle and plantar flexion angle were determined as 16.3°±4.3°, 39.7°±7.1° respectively. While postoperative Tegner score was determined as 87.6±9, AOFAS score was found as 91.3±4.7. Postoperatively at sixth months, in the measurements of the cruris area diameter, 1.5±0.4 cm atrophy was detected. Of the defined major complications, tendon elongation was seen on USG in 1 (2.9%) patient. No re-rupture occurred in any patient. Discussion: Treatment of acute Achilles tendon ruptures with Tansel technique provides successful results such as resolving the problems of re-rupture and tendon elongation particularly in the postoperative tendon malacia stage. So, this technique was considered as an effective technique which could be used to resolve the disadvantages of minimally invasive percutaneous repair.
Introduction
Achilles tendon rupture is one of the most frequently encountered tendon ruptures in the orthopedic emergencies and incidence is 20-fold higher among males than females [1, 2] . In the studies over the last three decades, a linear increase in the incidence of Achilles tendon rupture had been observed. This increase was particularly in the 3rd and 4th decades of the life of young adult males [1] [2] [3] . So minimally invasive techniques are needed for the treatment of Achilles tendon rupture in the young population. Different approaches have been reported for postoperative rehabilitation in parallel with surgery and there have been recent studies showing better results in early and more aggressive rehabilitation protocols compared to traditional rehabilitation methods [4] . As a result, it has become a requirement that current treatment protocols are problem-free and provide early recovery. The aim of this study was to present the clinical results of patients treated with a Tansel technique which provides rapid recovery with fewer wound site problems compared to open surgery techniques and it reduces complication rates, re-rupture, and inadequate clinical results compared to many percutaneous repair techniques in the treatment of acute Achilles tendon rupture.
Material and Methods
A retrospective examination was made of a total of 52 patients who were admitted to our clinic and were diagnosed with acute Achilles tendon rupture between 2010 and 2015. Criteria for inclusion in the study were acute Achilles tendon rupture with a gap of 2-4 cm. Patients were excluded from the study if there was concomitant connective tissue disease, spontaneous rupture, a history of previous surgery around the ankle and age over 60 years. A total of 34 patients were included in the study. Following the initial diagnosis according to the physical examination, routine dynamic ultrasonography (USG) was applied for diagnosis and determination of the rupture gap and tendon length. In the first evaluation, in the gap measurements made dynamically in all the plantar and dorsal flexion ranges if any gap was determined as >4cm at any point of the range of movement, the patient was excluded from the study. All the patients were evaluated in respect of the time from trauma to surgery, etiological causes, affected side, postoperative AOFAS (The American Orthopaedic Foot & Ankle Score) and Tegner scores, cruris diameter, mean time to full weight-bearing, time of return to work, time to regain pre-trauma activity level and complications. Data were obtained from hospital medical records and the patient's own statements.
Ethical Approval
Approval was obtained from Karabuk University Clinical Research Ethical Committee. The principles of the Helsinki Declaration and good clinical practice guidelines were followed. All patients were provided with informed consent.
Surgical Technique
All of the patients were placed in a prone position under spinal anesthesia, intravenous 1 gr ceftriaxone prophylaxis was admi-nistered perioperatively.
Exposure
Preoperatively, the gap, the suture entry points in the proximal and distal areas of the rupture and the estimated course of the sural nerve were marked on the patient with a sterile marker pen. Then making cutaneous and subcutaneous incisions, 4mm in length, in the defined suture entry points, the Achilles tendon was reached. At the lateral of the proximal side, by extending the most proximal suture point approximately 20 mm very slightly medially (approaching the tendon) from the other incisions, the sural nerve was by defining the course towards the distal, the proximity to the distal incision sites was evaluated ( Figure 1 ).
Double Wrapped Suture Technique
A 2/0 PDS oval needle was straightened and entered between the skin and the gap and withdrawn from the skin opening closest to the proximal tendon on the same side. It was entered again from the same opening and passing transverse within the tendon and was withdrawn from the opposite skin opening. Entering again from the exit opening passing within the tendon, it was withdrawn obliquely from the opening above on the opposite side. In the same way, the needle was again entered from the exit opening and withdrawn transversely along the tendon from the opposite opening. By entering again from the exit point, it was withdrawn from the opposite next opening obliquely along the tendon. Taking care of the sural nerve, entering again in the same opening thread was withdrawn from the opposite skin opening along the tendon on the opposite side and in the same way, entries were made from the most proximal skin opening and by withdrawing from the skin incision area opened in the opposite gap, the free end of the thread was finished (Figure 2). While passing through the skin, the sutures were tightened and thus loops were created between each skin incision. Another free suture was taken from these created loops from one side of the last 2 skin openings closest from the gap, so as to be fully wrapped in a circular manner 3 times around the loops and by passing within the tendon at the same level, was withdrawn from the opposite skin opening and again wrapped around the loop there ( Figure 3 ). The same procedure was applied to the next opening. Then by pulling the looseness of the loops in the skin incision furthest from the gap, from the loop in the opposite middle skin opening, the suture was tightened and the loop disappeared ( Figure 4 ). In the same way, by pulling the sutures from the closest skin incision to the gap, the mid-level suture loops disappeared. Finally, the suture ends in the gap were pulled. The threads were held tight and knotted by tightening the sutures which were wrapped around the loop. The same procedure was made to the part of the Achilles tendon in the distal gap. The gap sutures were sutured on both sides at the same time by bringing the tendon ends close to each other while the foot was in maximum plantar flexion. When tying the sutures, the tendon was loose and at its shortest length, bringing the ends together by elongating the muscles without creating a gap in the rupture area, and without retracting the tendon, 6 knots were applied to provide fixation. All the patients used a circular brace for 3 weeks postoperatively. After 3 weeks, a pneumatic adjustable angle walking brace was applied, and with the aid of this brace, partial weight-bearing was permitted for approximately 4 weeks and after the 6th week, full weight-bearing was permitted. The adjustable angle ankle brace was used for up to 7-8 weeks.
Results
Demographic data of the patients were given in Table 1 . Of the defined major complications, tendon elongation was determined in 1 (2.9%) patient on USG. No re-rupture occurred in the patients. Of the defined minor complications during followup until the final examination, transient sural nerve pathology was determined in 2 (5.9%) patients, wound site haematoma in 1 (2.9%), loss of range of motion of 8.4°±1.8° at the final follow-up in 3 (8.8%) patients and suture granuloma in 1 (2.9%) patient. Postoperative evaluations of the patients were shown in Table 2 .
Discussion
In the surgical treatment of acute Achilles tendon rupture, two principal techniques are most widely used; open surgical repair and minimally invasive percutaneous repair. Neither of these techniques has been defined as the gold standard for the treatment of these ruptures. It has also been proposed that conservative treatment is among the options. However, in respect of re-rupture rates, surgical treatment results have been reported to be superior to those of conservative treatment [5, 6] . Nonet-heless, conservative treatment has been said to be superior to surgical treatment in respect of surgical complications such as wound infection, fistula formation, skin necrosis, suture reactions and sural nerve damage [5] [6] [7] . Some authors have reported that the postoperative re-rupture rates of conservative treatment modalities were similar to those of percutaneous repair and there was no statistically significant difference [8, 9] . In a study by Hsu et al. comparing percutaneous and open surgery techniques, complications were determined at the rate of 8.5% in all the patients who received surgery and no statistically significant difference was determined between the groups in respect of complication rates [10] . In a biomechanical evaluation of percutaneous and open surgical repair techniques, similar results were reported and it was suggested that there was a tendency for a longer postoperative rehabilitation period for clinical recovery in the percutaneous techniques compared to the open surgery techniques [11] . There are studies which have reported that there is a greater rate of sural nerve damage in the open surgical repair techniques [12] . Although there are many treatment options for the treatment of acute Achilles tendon rupture, there are new techniques continuously described by various authors and satisfactory results have been reported [13] [14] [15] [16] [17] . However, in the current approaches, no treatment algorithm has yet been widely shown to have any superiority over other techniques. Studies in the literature have reported conflicting results. Several industrially-produced assistive instruments for the treatment of acute Achilles tendon rupture are available on the market. Sufficiently satisfactory clinical results have been reported with these instruments [10, 11] . However, as the anatomic course of the sural nerve shows different variations, it has been suggested that the nerve protective effects of these instruments are weak [18, 19] . In the routine percutaneous techniques applied, as the crossing point of the sural nerve to the Achilles tendon lateral nerve shows different variations and is affected by the extremity morphology of the individual, it can be said to be at risk [20] . In Tansel technique which was presented in this study, there were two features which are advantageous in comparison to other percutaneous applications. The first of these was that because of the mini skin incisions opened for the passing of the sutures, by extending the incision section in the area where the sural nerve crosses the Achilles tendon lateral nerve, the sural nerve can be explored, thus providing visual contact and complete protection of the nerve. In the current series, no sural nerve damage was seen to occur with this technique of percutaneous repair of acute Achilles tendon rupture. In literature, sural nerve damage has been reported at 13% with percutaneous Achilles tendon repair techniques [21] . Thus, by extending one section from the multiple skin incisions opened for passing the sutures, a strong advantage was provided in respect of nerve damage. The second feature which could be presented as an advantage of the technique originated from the suture technique. In a biomechanical evaluation of the suture techniques used in open repair techniques and percutaneous repair techniques, it was reported that the open repair technique was approximately twice as strong [22] . This has created a disturbing problem for some authors. In addition to the single suture technique used in classic percutaneous techniques, a second suture wrapped over the main bearing suture rather than the contact surface from passing a straight suture over the same suture line provided suturation with an increased holding force. This is known to reduce both re-rupture rates and prevent loss of plantar flexion force by preventing postoperative tendon elongation.
In the surgical repair of acute Achilles tendon ruptures, in the postoperative 1st and 3rd weeks, softening associated with tendomalacia which occurs biomodally as a cause of stripping over the tendon, sometimes without breakage in the suture materials, may be a cause of the failure of the repair. Following surgical repair, the suture holding capacity of the tendon increases with intrinsic healing in the 4th week [23, 24] . Therefore, the activity and survival of the suture material in the first 3 weeks is of importance. This problem, which is encountered in early rehabilitation, originates from stripping rather than breakage of the suture from the tendon [25] .
In the suture technique in this study, in two levels of the main suture fixing the tendon, a second supporting suture was used by wrapping around the suture (Figures 4 and 5) . No animal or human studies were carried out by the authors for this article.
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